A simple, inexpensive densiometric method of determining body composition was compared to a more sophisticated one. Body density (Db), lean body mass (LBM), and relative fat content (%fat) were determined for 16 volunteers, 9 men and 7 women using a simple T-bar apparatus suspended in a swimming pool, and an electronic apparatus in conjunction with a metal tank. Residual volumes (RV) used in the determinations were estimated from age and height (RV-1), held constant at 1,300 ml for men and 1,000 ml for women (RV-2), and measured by the nitrogen washout method (RV-3). No significant difference was observed between the two methods of weighing, although significant differences did exist among the RV techniques. It was concluded that a simplified method of determining body composition is acceptable for screening purposes, but long term studies might require more sophisticated techniques with RV measured at the time of weighing.
INTRODUCTION
The use of body composition measurements is an essential element of many physiological studies and classification systems used in general population screening. Primary among the parameters are body density (Db), lean body mass (LBM), and relative fat content (%fat) . The accepted criterion is hydrostatic weighing with pulmonary residual volume (RV) determined at the time of weighing (Buskirk, 1961) . This, however, is an expensive procedure, due to the cost of the measurement devices used in determining RV. The prediction of LBM or %fat from skinfold thicknesses has not proved successful in groups other than those for whom the equation was constructed (Katch and Michael, 1969; Flint, et al, 1977) .
A practical and inexpensive method for estimating Db and %fat would be a benefit when screening relatively large numbers of people. However, the method would have to be of acceptable validity and be reliable.
This study compared an easily constructed, inexpensive "T" bar apparatus attached to a spring scale suspended from a projection above a swimming pool (e.g. a diving board), and a sophisticated underwater weighing apparatus using a submersion tank, sensitive transducers for weight determination and respiratory apparatus to estimate RV. METHOD Subjects. The subjects were 16 university physical education students, 9 men and 7 women, who volunteered for this study. The anthropometric characteristics of the two groups are shown in Table 1. T-bar apparatus. The T-bar assembly consisted of two hollow copper rods: a short (61 cm) horizontal rod was used as a seat, attached to a long (102 cm) vertical rod via a welded copper sleeve. Height adjustment of the seat was accomplished by moving it to the appropriate height and securing it in places with a brass screw through adjusting holes located every 8 cm. A 15 lb weight provided subject-apparatus stability when submerged (Fig. 1) Baldwin, Coumand, and Richards (1948) . In method two (RV-2), a constant of 1,300 ml for men and 1,000 ml for women was used (Wilmore, 1969b) . In the third method (RV-3) RV was determined by the nitrogen washout method, using a nitrogen analyser (Med-Science, model 505).
RV and body density were calculated by each method of underwater weighing.
Underwater weighing technique. Initially, all subjects were made familiar with the T-bar technique in a practice session consisting of at least 10 trials (Katch, Michael and Horvath, 1967) . On a second visit subjects reported to the experimental periods 12 hours postabsorptive. Wearing a swim suit, the subject positioned a rubber snorkel attached to the head by a rubber strap, applied a nose clip, and was seated on the T-bar. At least 10 trials were performed, with the mean of the final three recorded as the subject's underwater weight.
At a third session, the subject was measured in the tank method. Each subject was given four practice trials, followed by two actual measurements. After the submerged weight was recorded via the LVDT system, RV was measured by the nitrogen washout method. Residual volume was calculated from the formula of Cournand et al (1941) . The mean of the two trials was used to calculate the body composition.
RESULTS AND DISCUSSION
The results of the calculations of Db, %fat, and LBM using the two densiometric techniques are presented in Tables 11 and Ill, respectively. Two-way analysis of variance (ANOVA) for each variable revealed that while there was no significant difference between the two methods, significant differences among the RV techniques did exist. One-way ANOVA indicated that the three methods of estimating RV differed significantly. Residual volume was least when estimated from age and height (Baldwin et al, 1948) and greatest when measured by the nitrogen washout method (Wilmore, 1969a). Since body weights and underwater weights in the two methods differed by no more than 1.1%, it must be assumed that the differences in Db, %fat, and LBM are due to the methods of estimating RV.
The examination of the variations in RV within each subject supported the importance of the technique in aRV estimated from age and height (Baldwin et al, 1948) .
bRV was a constant 1,300 ml for men and 1,000 ml for women. CRV measured by the nitrogen washout method (Wilmore, 1969a) . dMean ± SD eMeasured using a tank method with RV measured at the time of underwater weighing. (Sawka, 1974; Etheridge and Thomas, 1977) . Greatest precision, therefore, is achieved when RV is measured at the time of underwater weighing.
Other studies have shown no difference in Db using various estimates of RV (Wilmore, 1969b; Sinning, 1974) . In these studies, the mean actual RV was in close agreement with the assumed constant RV and an estimate of RV from vital capacity. This, related with the use of larger sample sizes, would lend support to the credibility of using alternative methods of estimating RV in calculating body composition for screening purposes. However, in one of these studies (Sinning, 1974) , errors of ± 25% were possible in individual estimates of RV using prediction methods, which is comparable to the values found in the present study.
As Behnke and Wilmore (1974:24) have pointed out, when the effect of various exercise programmes on body composition is being assessed, an accurate measurement of RV appears critical. For screening purposes, however, the use of a simplified method of underwater weighing appears feasible. In addition, this method avoids the population specificity inherent in the prediction equations using skinfold, diameter, and/or circumference (Katch and Michael, 1969; Flint, et al, 1977) .
Lean body mass was highly related no matter which RV estimate was used (Table l1l ). These findings agree closely with other studies employing a simplified method of estimating RV (Sinning, 1974) . Using the simple T-bar method, LBM can be estimated with an accuracy of ± 2.3%. Therefore, a simplified underwater weighing apparatus employing an accurate autopsy spring scale and a constant RV is acceptable in screening studies. Where the body composition of subjects is to be followed accurately in long term studies, a more accurate measurement of RV should be made at the time of underwater weighing and this will require using more sophisticated techniques. 
